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ABSTRACT
PURPOSE: The purpose of this study was to examine the interrelationship among
physical activity, perceived stress, and the metabolic syndrome in law enforcement officers
(LEOs). METHODS: 461 sworn LEOs of the Iowa Department of Public Safety were invited
to participate. Perceived stress was measured with the Perceived Stress Scale. Exercise and
fitness questionnaires were used to assess the level of physical activity. Perceived stress and
physical activity were divided into three categories; Low, Moderate, and High. The
metabolic syndrome was defined according to the criteria of the National Cholesterol
Education Program Adult Treatment Panel III. A continuous metabolic syndrome score was
also constructed based on the sum of age-standardized residuals for the metabolic syndrome.
RESULTS: A total of 386 white males (age 23-60 years) were included in the statistical
analysis. The prevalence of the metabolic syndrome was 23.1%. There was a significant
correlation between physical activity level and the metabolic syndrome score (r = -0.225).
Perceived stress score was not significantly related to the metabolic syndrome score (r =
0.047). The odds ratios (95% CI) for having the metabolic syndrome in the low and moderate
physical activity groups, as compared to the high physical activity group, were 3.13 (95% CI:
1.56-6.26) and 2.3 (95% CI: 1.29-4.09), respectively. CONCLUSIONS: Higher levels of
physical activity are associated with a reduced prevalence of the metabolic syndrome for a
given level of perceived stress among this unique occupational group.
1CHAPTER 1. INTRODUCTION
Contemporary society gives human beings not only opportunities for profits but also
expenses. As advantages from current society are ever-increasing, so are the disadvantages.
Humans are becoming sedentary, body weights are rising, and diets are becoming less
healthy. These lifestyle changes have resulted in an increase of many public health problems.
Obesity is a major public health issue that impacts males and females of all ages,
races, levels of education, and economic background. Currently, about two-thirds of U.S.
adults are either overweight (body mass index [BMI] 25-29 kg/m2) or obese (BMI 30
kg/m2), with about one-third being obese (1). The prevalences of overweight and obesity
show continuing increases among both children and adults (1, 2). Obesity is the second-
leading cause of preventable death after smoking in the United States (3-5). Healthy People
2010 has identified overweight and obesity as one of the ten leading health indicators (6).
Thus, there is considerable interest among the research and medical communities related to
obesity.
Obesity, especially visceral obesity, is strongly linked to the metabolic syndrome (7-
11). The metabolic syndrome is characterized as a constellation of physiological or
anthropometric abnormalities (12) including abdominal obesity, insulin resistance,
dyslipidemia, and hypertension (13). According to the National Health and Nutrition
Examination Survey (NHANES) 1999-2002, the estimated prevalence of the metabolic
syndrome among U. S. adults is either 35% based on the National Cholesterol Education
Program (NCEP) criteria or 39% based on the International Diabetes Foundation (IDF)
criteria (14). Not surprisingly, adults with the metabolic syndrome have a significantly higher
risk of cardiovascular disease (CVD) and all-cause mortality (15-21). Men with four or five
2features of the metabolic syndrome exhibit a 3.7-fold increase in risk for coronary artery
disease compared to men with no abnormal metabolic markers (22).
The pathogenesis of the metabolic syndrome has multiple origins, such as physical
inactivity, diet, obesity, and genetic factors (23, 24). Psycho-social stress also may play a role
in the pathogenesis of the metabolic syndrome (25, 26). Stress is often related directly to the
job specifications and environment of the workplace or to relationships with colleagues at
work, or a combination of both (27). Rosmond et al. (28) demonstrated a clear relationship
between high levels of stress and metabolic syndrome risk factors in adults. In addition,
Chandola et al. (25) have shown that employees with three or more exposures of chronic
work stress were more than twice as likely as those without work stress to possess the
metabolic syndrome.
Some occupations may be more stressful than others. For example, law enforcement
officers (LEOs) have higher stress levels than other occupations (29-31). Several studies
have shown that the incidence of CVD was higher in LEOs than the general population (32-
35). Thus, it has been suggested that there is a relationship between chronic work stress and
CVD in LEOs (34, 36). Franke et al. (36) found that perceived stress was related with
increased CVD in LEOs. In this study, officers with high levels of perceived stress showed
an increased prevalence of CVD. Ely and Mostardi (37) found that LEOs have higher
diastolic blood pressure, norepinephrine levels, and recent life change scores, reflective of a
greater degree of psychosocial stress, than clerical workers. Franke et al. (36) also suggested
that LEOs have a higher prevalence of hypertension, hypercholesterolemia, tobacco use, and
elevated BMI compared to the general population. Thus, if a higher prevalence of CVD does
occur among LEOs, one would expect that LEOs may show a higher prevalence of the
3metabolic syndrome. Humbarger et al. (38) found that 27.4% of LEOs have the metabolic
syndrome, which was higher than the prevalence in the general male population at that time,
but lower than a more recent estimate (35%) (14). Violanti et al. (39) examined the
associations between post-traumatic stress disorder (PTSD) symptoms and the metabolic
syndrome in LEOs. The results of this study suggested that LEOs with severe PTSD
symptoms were approximately three times more likely to have the metabolic syndrome
compared with the lowest PTSD severity. Taken together, these previous findings suggest
that chronic work stress and/or perceived stress may be an important and significant predictor
of the negative CVD and metabolic health consequences in LEOs (40). 
As previously mentioned, there are multiple origins of the pathogenesis of the
metabolic syndrome, but obesity, sedentary lifestyle, and inappropriate diet may interact to
cause the metabolic syndrome (23, 24). Some prospective cohort studies (41-45) have
suggested that higher levels of physical activity protect against diabetes and CVD, which are
related to the metabolic syndrome. Physical exercise positively influences individual
components of the metabolic syndrome, such as decreased body weight and visceral fat
accumulation (46-49), decreased blood pressure (49, 50), improved insulin sensitivity (45-
47), and increased high-density lipoprotein (HDL) cholesterol and decreased triglyceride
levels (49, 51, 52). Laaksonen et al. (53) found that moderate and vigorous physical activity
decreased the risk of the metabolic syndrome in middle-aged men. Stamford et al. (54)
concluded that the physical demands and physical activity involvement during active duty
police work are limited and too low to maintain physical fitness. Accordingly, off-duty
physical activity may be needed to maintain physical fitness and reduce the prevalence of
metabolic syndrome among LEOs.
4Although these previous studies have examined the independent associations between
physical activity, stress, and the metabolic syndrome, few have examined the
interrelationships among these variables in adults. In addition, there is limited information on
the relationship between physical activity and risk factors for CVD in LEOs (55-57) or the
relationship between stress and CVD in the LEO population (36). Furthermore, little data
exist on the prevalence of metabolic syndrome in LEOs (38, 39) and no published studies
exist about the interrelationship between physical activity, stress, and the metabolic
syndrome in LEOs. However, many researchers have found the risk factors of CVD
commonly associated with the metabolic syndrome in LEOs, including hypertension,
hypercholesterolemia, and elevated BMI. Therefore, an understanding of how physical
activity and stress relate to individual health status in LEOs may provide new insights into
public health approaches in prevention of the metabolic syndrome.
This thesis has two purposes. First, the occurrence of metabolic syndrome in LEOs
will be determined and compared to the general population. Second, the interrelationship
among physical activity, perceived stress, and the metabolic syndrome in LEOs will be
examined. More specifically, the goal is to determine if the relationship between stress and
the metabolic syndrome is modified by physical activity level. It is hypothesized that high
perceived stress will be significantly related with increased metabolic syndrome risk factors,
but high levels of physical activity will attenuate this relationship.
5CHAPTER 2. LITERATURE REVIEW
Problem of Obesity, Stress, and the Metabolic Syndrome
Definition and Epidemiology of Obesity
Obesity is a chronic disease characterized by the presence of excessive body fat. It is
one of the most serious health problems facing adults of the United States (58), and is
associated with high morbidity (59). Obesity can be measured with a number of techniques
such as BMI, waist circumference, and skin-fold thickness. BMI is the most common method
in epidemiological research (60), and is calculated by dividing a person's body weight in
kilograms by their height in meters squared (weight [kg]/height [m]2). For adults, overweight,
obesity, and extreme obesity are defined as a BMI of 25.0 to 29.9, 30.0 or more, and 40.0 or
more, respectively (1). The number of overweight and obese adults in the U.S. has increased
over the past few decades (1, 58). In 2003-2004, 31.1% of U.S. adult men were obese,
compared with 27.5% in 1999-2000 based on data from the NHANES (1).
Definition and Epidemiology of the Metabolic Syndrome
The metabolic syndrome was proposed by Gerald Reaven in 1988 (61, 62) to describe
the cluster of insulin resistance (and hyperinsulinemia), impaired glucose tolerance,
abnormalities of plasma lipids, and hypertension. Initially dubbed “syndrome X,” it is now
commonly called the metabolic syndrome. The metabolic syndrome defines the clinically
significant associations between risk factors for CVD and insulin resistance (61). Each risk
factor of the metabolic syndrome has been associated with an increased risk of CVD (63).
Vega (64) showed that the metabolic syndrome is a cluster of risk factors that explains much
of the excess CVD morbidity among overweight and obese patients and those persons with
type 2 diabetes mellitus. Finally, a report from the National Cholesterol Education Program
6(NCEP) Adult Treatment Panel III (ATP III) (65) identified the metabolic syndrome as an
independent risk factor for CVD. In addition, the diagnostic criteria for the metabolic
syndrome clearly include conventional risk factors for CVD such as hypertension, impaired
glucose tolerance, and dyslipidaemia (66). The Atherosclerosis Risk in Communities (ARIC)
study examined the metabolic syndrome and 11-year risk of incident CVD (67). The
metabolic syndrome was found to be present in 23% of ARIC participants without diabetes
or prevalent CVD at the baseline evaluation, based on the NCEP ATP III definition. This
study also found that men and women with the metabolic syndrome were approximately 1.5
to 2.0 times more likely to develop coronary heart disease than are those without the
metabolic syndrome adjusting for age, smoking, low-density lipoprotein (LDL) cholesterol,
and race.
The metabolic syndrome is currently characterized by a group of metabolic risk
factors: visceral obesity, glucose intolerance, hypertension, and dyslipidemia (i.e., low serum
HDL cholesterol and high serum triglycerides) (23). However, definitions of its components
and the various criteria for those components have not been accepted universally (23). The
World Health Organization (WHO) Consultation for the Classification of Diabetes and its
Complications published the first definitions of the metabolic syndrome in 1998. The
metabolic syndrome was defined as the presence of insulin resistance, impaired glucose
tolerance, or type 2 diabetes, and two of the following: abdominal obesity, dyslipidemia,
hypertension, and microalbuminuria (68). The European Group for the Study of Insulin
Resistance, the American Association of Clinical Endocrinologists/American College of
Endocrinology, and NCEP proposed alternative definitions for the metabolic syndrome and
insulin resistance (69-71). Recently, based on associations with adverse cardiovascular
7outcomes derived from large research trials, adult metabolic syndrome was defined by the
NCEP (65) as the presence of at least three of the following abnormalities: (1) abdominal
obesity (waist circumference >102 cm in men and >88 cm in women); (2)
hypertriglyceridemia (≥150 mg/dl (1.69 mmol/l)); (3) low HDL cholesterol (<40 mg/dl (1.04
mmol/l) in men and <50 mg/dl (1.29 mmol/l) in women); (4) hypertension (a systolic blood
pressure 130 mmHg or a diastolic blood pressure 85 mmHg); and (5) high fasting glucose
(110mg/dl (6.1 mmol/l)). 
Because definitions of the components of the metabolic syndrome have varied widely,
in April 2005 the International Diabetes Federation (IDF) proposed a new worldwide
definition, which built on the WHO and NCEP definitions (72). According to the new IDF
definition, a person with the metabolic syndrome must have central obesity as determined by
ethnic group-specific thresholds of waist circumference, and any two of the following four
factors: (1) raised concentration of triglycerides (150 mg/dl (1.7 mmol/l) or specific
treatment for this lipid abnormality); (2) reduced concentration of HDL cholesterol (<40
mg/dl (1.03 mmol/l) in men and <50 mg/dl (1.29 mmol/l) in women or specific treatment for
this lipid abnormality); (3) raised blood pressure (systolic blood pressure 130 mmHg or
diastolic blood pressure 85 mmHg or treatment of previously diagnosed hypertension); and
(4) raised fasting plasma glucose concentration (100 mg/dl (5.6 mmol/l) or previously
diagnosed type 2 diabetes). Waist circumference is used to assess abdominal obesity in both
NCEP and IDF definitions; however, abdominal obesity can be assessed by BMI 30 kg/m2
instead of waist circumference, according to the original WHO definition (68). The WHO
definition has been validated, as has been the NCEP definition (73). Recent studies
8demonstrated that BMI is a viable surrogate to classify those with the metabolic syndrome
(74, 75). 
The metabolic syndrome has become increasingly common in the U.S. (76). The
existence of various definitions for the metabolic syndrome, however, has resulted in
confusion, and the prevalence of the metabolic syndrome has varied depending on the
definition utilized and population studied (77). Based on data from NHANES III from 1988
to 1994, about 21.8% of U.S. adults have the metabolic syndrome using the NCEP criteria
(78). More specifically, >20% of all adults 20 years of age and >40% of the population 60
years had the metabolic syndrome (78). If the NCEP and IDF definitions were utilized, the
metabolic syndrome would be found in approximately 35% and 39%, respectively, of U.S.
adults based on a total of 3,601 men and women from NHANES 1999-2002 (14). More
specifically, the unadjusted prevalences of the metabolic syndrome were 33.7% in men,
35.4% in women, 36.0% in white men, 21.6% in African-American men, and 32.2% in
Mexican-American men using the NCEP criteria (14).
Given the continuously increasing prevalence of obesity and overweight over the past
several decades among adults in the U.S. (1, 58), the prevalence of metabolic syndrome also
has increased among adults in the U.S. (79). The odds of having metabolic syndrome
increase with increasing levels of BMI in men and women (79). The metabolic syndrome
was found in 4.6%, 22.4%, and 59.6% of normal weight, overweight, and obese men,
respectively, and a similar distribution was observed in women based on NHANES III.
Physical Activity and the Metabolic Syndrome
Physical activity has been defined as any bodily movement produced by skeletal
muscles that result in energy expenditure beyond resting expenditure. Regular physical
9activity produces cardiovascular adaptations that increase exercise capacity, endurance, and
skeletal muscle strength (80). Blair et al. (81) suggested that physical inactivity is a major
public health problem and a contributing factor in several chronic diseases and conditions.
Therefore, the Centers for Disease Control and Prevention (CDC) and the American College
of Sports Medicine (ACSM) recommended that individuals should engage in 30 minutes or
more of moderate-intensity physical activity on most days of the week (82).
Physical inactivity is another major risk factor for coronary heart disease (83, 84) and
the metabolic syndrome (53, 80, 85-90). Several studies have shown the important
association between physical activity level and components of the metabolic syndrome.
Rennie et al. (86) demonstrated that moderate (MET 3 to <5, including activities such as
walking and gardening) and vigorous (MET 5, including activities such as cycling and
swimming) physical leisure-time activity are each associated with a reduced risk of the
metabolic syndrome independent of age, smoking, high alcohol intake, and socioeconomic
status in the Whitehall II study of 5,153 civil servants (age 45-68 years). They divided into
two moderate activity categories (<24 and 24 MET hours per week) and four vigorous
activity categories (no vigorous activity, <5, 5 and <12.5, or 12.5 MET hours per week). 
The odds ratios (ORs) for having the metabolic syndrome in the top compared with the
bottom categories of vigorous and moderate activity were 0.52 (95% confident interval (CI):
0.40-0.67) and 0.78 (95% CI: 0.63-0.96) respectively, adjusted for age, sex, smoking, alcohol
intake, socioeconomic status, and other activity. Results from this study suggest that both
vigorous and moderate activities may be beneficial to the risk factors for the metabolic
syndrome among middle-aged populations.
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Regular physical activity is an effective means of reducing waist circumference,
visceral fat, and subcutaneous fat (48, 91) and favorably changing blood pressure, glucose
metabolism, and blood lipid profiles (92). Furthermore, physical activity helps both weight
loss (93-95) as well as weight loss maintenance (96-98), and ultimately prevents obesity (80,
99). Independent relationships between physical activity and components of the metabolic
syndrome have been shown in many studies.
Ross et al. (48) examined 12 weeks of approximately 60 minutes of daily exercise
without caloric restriction. Results from this study demonstrated that exercise without caloric
restriction was associated with substantial reductions in body weight (7.6 kg), total fat (6.1
kg), abdominal fat (1.9 kg), and visceral fat (1.0 kg), and that exercise-induced weight loss
reduce total fat and improve cardiovascular fitness significantly more than equivalent diet-
induced weight loss. Furthermore, this study also showed that exercise without weight loss
was also associated with significant reductions in both abdominal and visceral fat, a finding
consistent with the findings of Mourier et al. (100) in which reductions in visceral and
abdominal subcutaneous fat were reported in men and women with type 2 diabetes mellitus
after 8 weeks of exercise without weight loss.
It is well recognized that weight loss reduces insulin resistance (101-104). The
findings by Ross et al. (48) suggested that the reductions in insulin resistance after equivalent
diet- or exercise-induced weight loss are similar. Exercise training has been demonstrated to
enhance insulin sensitivity (48, 105-107) and reduce glucose intolerance (108). Exercise
without weight loss was also associated with a 30% improvement in glucose uptake even
though this improvement did not attain statistical significance when compared with controls
(48). Thompson et al. (108) examined the effect of exercise training in 337 patients with type
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2 diabetes. The results of this study showed an average reduction of hemoglobin (Hgb) A1c
of 0.5% to 1% in diabetics. Another study from the Diabetes Prevention Program Research
Group (109) demonstrated that physical activity and weight loss could prevent the onset of
type 2 diabetes in 3,234 nondiabetic individuals at high risk for this disease. They randomly
assigned participants to placebo, metformin (850 mg twice daily), or a lifestyle-modification
program (goals of at least a 7% weight loss and at least 150 minutes of physical activity per
week). The average follow-up was 2.8 years. Compared with usual care (placebo), the
lifestyle intervention program reduced the onset of type 2 diabetes by 58%. The lifestyle
intervention was significantly more effective than metformin, an oral antidiabetic agent,
which reduced the onset of type 2 diabetes by 31%.
Exercise has definite acute effects on blood lipids; serum triglycerides are reduced by
vigorous exercise for up to 72 hours and HDL cholesterol is also increased by exercise (108).
Leon and Sanchez (110, 111) reviewed papers published over the past three decades and
performed a meta-analysis of 52 exercise training trials of over 12 weeks’ duration including
4,700 adult men and women. Results from this study demonstrated an average increase in
HDL cholesterol concentrations of 4.6% and reductions in triglyceride and LDL cholesterol
concentrations of 3.7% and 5.0%, respectively. The HEalth, RIsk factors, exercise Training,
And GEnetics (HERITAGE) family study, which is the largest reported study on the
contribution of endurance exercise training to blood lipid parameters, included 675 healthy,
sedentary, normolipidemic black and white men and women aged 17 to 65 years,
participating in 5 months of exercise training (112). They observed a modest 1.2 mg/dl
(3.4%) increase in HDL cholesterol in male subjects and a 1.4 mg/dl (3.9%) increase in
female subjects with exercise training, while triglycerides and LDL cholesterol decreased 5.9
12
mg/dl (2.7%) and 0.9 mg/dl (0.8%) in men, respectively, and 0.6 mg/dl (0.6%) and 4.4 mg/dl
(4%) in women, respectively.
Fagard (113) performed a meta-analysis of at least 44 randomized controlled
intervention trials, including 2,674 normotensive and hypertensive participants to assess the
effect of exercise training on resting blood pressure. He found that dynamic physical training
leads to a reduction in systolic blood pressure of 3.4 mmHg and diastolic blood pressure of
2.4 mmHg. Furthermore, he found that the mean blood pressure reduction affected by
exercise was different according to baseline blood pressure. The reduction in systolic and
diastolic blood pressure was 2.6 and 1.8 mmHg in normotensive subjects, respectively,
whereas systolic and diastolic blood pressure decreased 7.4 and 5.8 mmHg in hypertensive
subjects, respectively. Exercise may therefore be a more effective way to reduce blood
pressure in mildly hypertensive subjects than in normotensive subjects.
It is important to understand relationships between physical activity and the metabolic
syndrome. Physical activity prevents and helps treat many risk factors for the metabolic
syndrome, including elevated blood pressure, insulin resistance and glucose intolerance,
elevated triglyceride concentration, low HDL cholesterol concentrations, and obesity (80).
Previous cross-sectional (85-88) and prospective (53, 89, 90) studies suggest that
aerobic fitness and physical activity protect against the development of the metabolic
syndrome. Ekelund et al. (90) described the prospective association over a 5.6-year follow-up
period between objectively measured physical activity energy expenditure (PAEE), aerobic
fitness, and the metabolic syndrome in 605 middle-aged men and women who were free of
the metabolic syndrome at baseline. Measures of physical activity in this study were based on
the amount of energy expenditure above resting levels, which took into account all types and
13
intensities of activity performed in daily life and not just structured exercise and related
activities. The prospective relationship observed between baseline PAEE and the metabolic
syndrome at follow-up (standardized  = -0.00085, p = 0.046) was independent of aerobic
fitness and other potential confounding factors. Aerobic fitness (VO2max) was not an
independent predictor of the metabolic syndrome after adjusting for physical activity
(standardized  = -0.00011, p = 0.93). Results from this study suggested that PAEE predicts
progression toward the metabolic syndrome at follow-up in a dose-dependent manner,
independent of obesity, level of aerobic fitness, or other known potential confounding factors.
Ultimately, this study provided support for the role of physical activity, in the primary
prevention of the metabolic syndrome even when an improvement in aerobic fitness was
absent.
Stress and the Relationship to the Metabolic Syndrome
Stress has been described as a state of disharmony or a disturbed body homeostasis
evoked by various cognitive (e.g., anxiety, fear, depression) and/or somatic stressors (e.g.,
pain, lipid accumulation, inflammation) when the threat to homeostasis exceeds the threshold
(114). Exposure to stressors can lead to physiological changes that evoke a number of
neuroendocrine responses, including an increased secretion of the two final effectors of the
stress system, cathecholamines and glucocorticoids, from the adrenal gland and the activation
of the sympathetic nervous system (115, 116).
Recently, various researchers have suggested that stress (e.g., from work sites or
environment) may affect the pathogenesis of the metabolic syndrome (25, 26, 28).
Continuous exposure to work-related stress may affect the autonomic nervous system and
neuroendocrine activity directly, contributing to the development of the metabolic syndrome
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(25). Stress activates the sympathoadrenal system and the hypothalamic-pituitary-adrenal
(HPA) axis, resulting in elevated plasma cortisol levels (117-122). Cortisol is the major
glucocorticoid in humans, and is secreted from the adrenal cortex under the control of the
HPA axis (122). During short-term acute severe stress (e.g., major injury or systemic
infection), activation the HPA axis, resulting in elevated plasma cortisol levels, is essential
for survival through homeostatic adjustments (123). However, when elevated cortisol
secretion is maintained by frequent chronic stress, this may cause damage to the HPA axis
with time, resulting finally in a maladaptive process (122, 124). 
Cortisol secretion is elevated in relation to perceived stress and that stress-related
cortisol secretion affects the risk factors for metabolic syndrome (28, 125-127). Brunner et al.
(128) showed the first evidence that chronic stress may cause the metabolic syndrome. This
study examined the role of neuroendocrine activation in metabolic syndrome and discussed
the role of psychosocial factors and stress. The results of this case-control study nested
within the Whitehall II cohort suggested that urinary excretion of 24-hour cortisol
metabolites and normetanephrine (3-methoxynorepinephrine) outputs were higher in the
metabolic syndrome cases than in controls (+0.49, +0.45 SD, respectively). They concluded
that psychosocial stress affects a considerable part of the increased normetanephrine output
associated with the metabolic syndrome and neuroendocrine stress axes are activated in the
metabolic syndrome.
Chandola et al. (25) performed a prospective cohort study among 10,308 working
men and women aged 35 to 55 in the Whitehall II study to investigate associations between
work-related stress and markers of the metabolic syndrome. The average follow-up was 14
years. The results showed that men with three or more exposures of chronic work stress over
15
14 years were more than twice as likely to develop the metabolic syndrome as those with no
exposure to work stress (OR adjusted for age and employment grade = 2.25). They defined
chronic work stress as experiencing iso-strain (work stress) >75% of the time over the 14
years. Rosmond et al. (28) demonstrated a clear relationship between stress-related cortisol
secretion and risk factors for metabolic syndrome in adult men. Cortisol output is increased
in metabolic syndrome. They showed that increased levels of stress-related cortisol were
associated with high obesity factors (BMI and WHR) (Spearman’s rho () = 0.06, 0.056,
respectively), and with high metabolic (insulin, glucose, triglycerides, total, HDL and LDL
cholesterol) ( = 0.037, 0.024, -0.116, -0.028, -0.034 and 0.084, respectively) as well as high
hemodynamic variables (systolic and diastolic blood pressure and heart rate) ( = -0.004,
0.157, and 0.144, respectively) in men. The results of this study have shown the interactions
between stress-related cortisol secretion and biomarkers associated with the metabolic
syndrome. Various other studies also suggested that stress-related cortisol secretion due to
activation of the HPA axis may contribute to the development of insulin resistance,
dylipidemia, abdominal obesity, and hypertension, components of the metabolic syndrome
(118, 129, 130). Based on these studies, there is a clear and strong relationship between high
levels of stress and components of metabolic syndrome in adults.
Physical Activity, Perceived Stress, and the Metabolic Syndrome in LEOs
Physical demands and physical activity involvement during active duty police work
are limited and too low to maintain physical fitness (54). Accordingly, physical activity may
be needed to maintain physical fitness levels and reduce the prevalence of the metabolic
syndrome among LEOs. Young and Steinhardt (131) examined the relationship among
physical fitness, physical activity, and risk factors for coronary artery disease among 412
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male LEOs from Austin, Texas. They found that physical fitness was negatively related to
percent body fat, smoking habits, and Type A behavior scores, and positively related to HDL
cholesterol in LEOs. Furthermore, both physical fitness and physical activity were
significantly related to a composite coronary artery disease risk score. Franke and Anderson
(57) examined the associations between physical fitness, physical activity, and CVD risk
among 470 LEOs of differing ages (range = 21 to 63 years old). Nonexercising subjects had a
higher 10-year risk of a CVD incident than did exercising subjects (8.1 ± 7.0, vs. 6.3 ± 5.6%,
respectively). Furthermore, 10-year risk of a CVD incident was significantly greater in
physically inactive LEOs >48 years old compared with physically active LEOs. The results
from this study suggested that in the age group >48 years old, exercise was associated with a
clear trend toward reduced CVD risk.
LEOs experience many occupational demands with physiological and psychological
effects that may be associated with negative health-related effects (37). Especially, LEOs are
considered to have higher stress levels than other occupations (29-31) and some researchers
consider law enforcement to be one of the most stressful of all occupations (132-136). In a
review by Finn and Tomz (31), LEOs were noted to face a number of sources of stress
particular to their field, ranging from organizational demands (e.g., shift work) to the nature
of police work itself (e.g., exposure to violence and suffering). Sources of job-related stress
within the profession differ between officers since they are likely to perceive different events
as stressful, depending on their individual background, personalities, law enforcement
experience, years on the job, type of law enforcement work they perform, and access to
coping resources (137, 138). Nevertheless, sources of stress among LEOs may fall into four
categories: organizational stress, police work-related stress, stress from the actions of the
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criminal justice system and the general public, and those related to the individual officer’s
personal life and approach to stressful events (31). Those stress sources include shift work
(139), life events (37), job demands, excessive and unnecessary amounts of paperwork, lack
of input into decisionmaking, and communication issues within the law enforcement
organization (31). Many researchers suggested that most of the negative stressors in law
enforcement work were generated from organizational work rather than police work per se
(140-142). Organizational work stressors are four times more likely than non-organizational
work stressors to be the cause of increased stress (141).
Many researchers have found a higher incidence of CVD among LEOs than the
general population (32-35). One mechanism for this prevalence may be a higher prevalence
of the metabolic syndrome. In the NHANES III from 1988 to1994, the unadjusted prevalence
of the metabolic syndrome among American adult men was 21.8%, while the age-adjusted
prevalence was 23.7% (78). More recently, the metabolic syndrome affects about 35% of U.S
adults based on data from NHANES 1999-2002 (14). There are little data on the prevalence
of the metabolic syndrome in LEOs (38, 39). For example, Humbarger et al. (38) examined
the prevalence of the metabolic syndrome in 84 male LEOs in Texas with mean age of 36
years. Based on the NCEP ATP III guidelines, 27.4% of participants were found to have the
metabolic syndrome. The results from this study indicated that the metabolic syndrome in
male LEOs may be higher than the American male population of 24% at that time. However,
using data obtained from the Buffalo Police Health Study, approximately 16% of the
participants among 101 LEOs (61 men and 40 women) met the criteria for the metabolic
syndrome (39). The authors noted that this result was somewhat lower than some national
general population studies indicate. However, the study by Humbarger at el. (38) and
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Violanti et al. (39) had limited sample size (84 and 101 LEOs, respectively); thus, further
study is needed with a larger sample size. It is important to note that approximately 21% of
LEOs have the metabolic syndrome if both studies by Humbarger et al. (38) and Violanti et
al. (39) are combined.
Summary and Conclusion
Although a review of the literature suggests that physical activity and stress,
independently or together, may have an important role in determining risk for the metabolic
syndrome in adults, this relationship has not been assessed in LEOs. Because several studies
suggest that physical activity improves metabolic risk factors associated with the metabolic
syndrome and stress may be important to increase risk for the metabolic syndrome, the
interaction between physical activity and stress may influence the risk for the metabolic
syndrome among LEOs. Thus, the purpose of this study was to examine the occurrence of the
metabolic syndrome in LEOs and the interrelationship among physical activity, stress, and
the metabolic syndrome in LEOs.
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CHAPTER 3. METHODS
Subjects
For this study, 461 sworn LEOs of the Iowa Department of Public Safety were invited
to participate. Those participants attended the Iowa State University Exercise Clinic
Laboratory for their annual department-mandated, department-funded medical evaluation.
Before they participated, written communications including a description of procedures, risks,
benefits, nature, goals, and confidentiality of this study were provided. Of the 461 officers,
421 (91%) voluntarily agreed to participate in this study. Because of limited sample sizes for
white females (n = 25), black males (n = 5), Hispanic males (n = 3), and Asian males (n = 2),
only white males were included in the present study. Subjects with diagnosed diabetes and
hypertension at baseline were not excluded for this study. Thus, a total of 386 white males
aged 23 to 60 years were included in the statistical analysis. Written informed consent
(Appendix A) was obtained from all subjects at the time of their annual examination. All
subjects completed a perceived stress questionnaire to assess stress measures (Appendix B)
and a self-administered health risk appraisal questionnaire that included demographics,
medical history, cancer examination, smoking status, alcohol consumption, exercise and
fitness level, and nutrition habits. A 17 ml blood sample was collected as part of the medical
evaluation. All procedures were approved by the Iowa State University Institutional Review
Board.
Assessment of Psychological Stress
Perceived stress was assessed using the Perceived Stress Scale (PSS), which was
designed to measure the degree to which a person appraises situations in his or her life as
stressful (143). The PSS consists of 14 Likert-type items designed to assess how
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unpredictable, uncontrollable, and overloaded respondents perceive their lives to be. Items 1,
2, 3, 8, 11, and 12 are negatively stated and 4, 5, 6, 7, 9, 10, and 13 are positively stated. The
scores of positively stated items are reversed to sum all 14 items. A lower score is indicative
of lower perceived stress. The PSS has been proven to be reliable and valid (143), and the
internal reliability estimate as determined by Cronbach’s alpha is 0.75 (144). The PSS is a
better predictor of health and health-related outcomes than life event scales (143). The
findings of Hills and Norvell (40) suggested that the PSS was a significant and important
predictor of stress-induced consequences, including burnout, physical symptoms, and job
dissatisfaction in highway patrol officers. Franke et al. (36) found that PSS was
independently associated with increased incidence of CVD in employed officers. Therefore,
it has been used effectively in previous studies involving LEOs.
Physical Activity Questionnaire
The questionnaire included eight levels of exercise on the amounts of time spent in
programmed recreation, sport or heavy physical labor, modest physical activity (golf,
horseback riding, calisthenics, table tennis, bowling, weight lifting or yard work), and heavy
physical exercise (jogging or running, swimming, cycling, rowing, skipping rope, tennis,
basket-ball, handball) (Appendix C). Open-ended items allowed participants to report further
activities. Participants were asked about their exercise or physical activity, frequency of the
activity, and time spent per activity session in the last one month (Appendix B, page 51,
questions 4-7). Based on these two sets of physical activity reports, total minutes per week
were calculated for total activity. The eight levels of exercise were divided into three groups
based upon the time spent per week and type and intensity of the activity; low (<30 minutes
of physical activity of any kind per week), moderate (30 to <60 minutes of mild to moderate
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intensity physical activity per week), and high (60 minutes of vigorous physical activity or
150 minutes of moderate physical activity per week) physical activity. This followed a
public health recommendation by CDC and ACSM (82). 
Metabolic Risk Factors
The metabolic syndrome was defined according to the NCEP ATP III criteria (65). In
this study, however, assessment of abdominal obesity was modified according to the WHO
definition (68) by using the BMI 30 kg/m2 instead of waist circumference. Both the WHO
and NCEP definitions have been validated (73). The metabolic syndrome was therefore
defined by the presence of three or more of the following 5 risk factors: (1) obesity: BMI 30
kg/m2; (2) elevated hypertriglyceridemia: triglycerides 150 mg/dl (1.70 mmol/l); (3) low
levels of HDL cholesterol <40 mg/dl (1.04 mmol/l) in men ; (4) high blood pressure 130
mmHg systolic and/or 85 mmHg diastolic or currently using antihypertensive medications;
and (5) high fasting plasma glucose 110 mg/dl (6.1 mmol/l) or currently using antidiabetic
medications (insulin or oral agents).
Body mass index. Height was measured with a stadiometer (Seca; Hanover, Maryland) to the
nearest 0.5 cm. Weight was measured on a digital scale (Befour, Inc.; Washington, United
States) to the nearest 0.1 kg. BMI was calculated as weight in kilograms divided by height in
meters squared.
Blood pressure. Resting systolic and diastolic blood pressure was measured twice in a seated
position using a standard mercury sphygmomanometer and auscultatory methods. The
average of the two blood pressure measurements taking 5 minutes apart was used to define
elevated blood pressure.
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Blood profile. A 12-hour fasting blood sample was obtained by venipuncture. Blood samples
were placed at room temperature for at least 15 min and then centrifuged for 15 min. Serum
triglycerides, HDL cholesterol, and plasma glucose were assayed with automated techniques
at a Quest Diagnostics Laboratory (Des Moines, IA), which participates in and meets the
quality control standards of the U.S. CDC Lipid Standardization Program.
Metabolic syndrome score (Z-score). A metabolic syndrome score was constructed as a
continuous, quantitative score. The metabolic syndrome score was constructed based on the
sum of age-standardized residuals (Z-scores) for the metabolic syndrome. More specifically,
this variable was derived by standardizing and then summing the following distributed BMI,
mean arterial pressure (MAP; diastolic + 1/3(systolic-diastolic)), triglyceride, HDL
cholesterol, and fasting plasma glucose concentration, to create the metabolic syndrome
score. A lower score is indicative of a better metabolic syndrome risk factor profile. A
continuous metabolic syndrome risk score for adults has been validated (145).
Statistical Analysis
Subjects were categorized into two groups by the absence or presence of the
metabolic syndrome. Descriptive statistics were calculated for the two groups and the total
sample. One-way ANOVA was used to examine differences in subject characteristics
between the two groups. The Pearson correlations among metabolic syndrome components,
physical activity level, perceived stress score, and the metabolic syndrome score were
calculated.
LEOs were categorized into three perceived stress groups as Low Perceived Stress
(0.5 SD below the mean perceived stress), Moderate Perceived Stress (±0.5 SD from the
mean perceived stress score), or High Perceived Stress (0.5 SD above the mean perceived
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stress) and into three physical activity groups as Low Physical Activity (<30 minutes of
physical activity of any kind per week), Moderate Physical Activity (30 to <60 minutes of
mild to moderate intensity physical activity per week), or High Physical Activity (60
minutes of vigorous physical activity or 150 minutes of moderate physical activity per
week). A two-way analysis of variance (physical activity x perceived stress) was used to
determine the influence of physical activity on the relationship between perceived stress and
the metabolic syndrome score. A one-way ANOVA was used to examine differences in
subject characteristics across each perceived stress group and physical activity group.
Tukey’s post hoc test was used to determine how the three perceived stress groups and three
physical activity groups differ. Physical activity groups and perceived stress groups were the
independent variables and the metabolic syndrome score was the dependent variable. The
metabolic syndrome score was a continuous variable, while physical activity groups and
perceived stress groups were categorical variables. Tukey’s post hoc test was used to
determine specific between-group differences when the result of general linear model was
significant (p < 0.05). A multivariate statistic was applied to examine differences in subject
characteristics across perceived stress - physical activity groups and a Tukey’s post hoc test
was used. Logistic regression analysis was used to estimate the odds of having the metabolic
syndrome in each physical activity group and each perceived stress group. Statistical
significance was defined as p<0.05. All statistical analyses were performed using the
Statistical Package for Social Science (SPSS for Windows, version 14.0, SPSS Inc, Chicago,
IL) program.
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CHAPTER 4. RESULTS
The descriptive characteristics of participants are shown in Table 1. The sample of
386 white male LEOs included 89 LEOs (23.1%) who were classified as having the
metabolic syndrome according to NCEP ATP III criteria. All the metabolic syndrome risk
factors and the metabolic syndrome score were significantly higher in those who possessed
the metabolic syndrome (p<0.05). Although physical activity level was significantly higher
in LEOs without the metabolic syndrome than in LEOs with the metabolic syndrome
(p<0.05), there was no difference in perceived stress score.
The distribution of individual components of the metabolic syndrome is presented in
Table 2. Elevated blood pressure (42%) was the most common risk factor and reduced HDL
cholesterol (38%) and elevated triglyceride (35%) were also relatively common metabolic
syndrome components in the total sample. Overall, LEOs had a low prevalence of elevated
fasting glucose (5%). About 16% of LEOs with the metabolic syndrome had an elevated
fasting glucose. More than half of the LEO cohort (54.6%) had no more than 1 component of
the metabolic syndrome, while almost a quarter (22.3%) possessed 2 components.
Correlations among the components of the metabolic syndrome (BMI, MAP, glucose,
triglyceride, and HDL cholesterol) and the metabolic syndrome score are provided in Table 3.
All components of the metabolic syndrome were significantly correlated with the metabolic
syndrome score, and except for the relationship between MAP, glucose and HDL cholesterol,
the five components were correlated with each other.
Table 4 displays correlations among physical activity level, perceived stress score and
the metabolic syndrome score. Physical activity was inversely related to perceived stress
score and the metabolic syndrome score (r = -0.172 and -0.225, respectively). Perceived
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stress score, however, was not significantly related to the metabolic syndrome score (r =
0.047).
Table 5 presents descriptive characteristics of the sample divided into Low, Moderate,
and High Perceived Stress groups. The prevalence of the metabolic syndrome across
perceived stress categories did not differ significantly. Perceived stress score was
significantly different among three groups and physical activity level was significantly higher
in Low Perceived Stress group than Moderate and High Perceived Stress groups (P<0.01). 
No other variables differed significantly among the three groups.
Table 6 shows descriptive characteristics of the sample across Low, Moderate, and
High Physical Activity groups. The prevalence of the metabolic syndrome progressively
increased across High (13.8%), Moderate (26.9%), and Low (33.3%) Physical Activity
categories. The prevalence of the metabolic syndrome was lower in the High Physical
Activity group than either Moderate or Low Physical Activity groups (p<0.01). The High
Physical Activity group was significantly lower in BMI, triglyceride, metabolic syndrome
score, and perceived stress score and higher in HDL cholesterol compared with Moderate and
Low Physical Activity groups (p<0.01).
Logistic regression analysis showed that Low and Moderate Physical Activity levels
were each associated with significantly elevated odds for having the metabolic syndrome
among LEOs. The odds ratio for having the metabolic syndrome in Low and Moderate
Physical Activity groups compared with High Physical Activity group were 3.13 (95% CI:
1.56-6.26) and 2.3 (95% CI: 1.29-4.09) respectively.
Components of the metabolic syndrome, metabolic syndrome score, and age across
the three levels of perceived stress and three levels of physical activity are presented in Table
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7. The prevalence of the metabolic syndrome was the highest in High Perceived Stress and
Low Physical Activity group (38.1%) and the lowest in High Perceived Stress and High
Physical Activity group (10.3%). The Low Perceived Stress and Low Physical Activity group
was the highest in systolic (133.2 mmHg), diastolic (86.5 mmHg), and mean arterial pressure
(102.1 mmHg) and the lowest in HDL cholesterol (38.9 mg/dl). The Low Perceived Stress
and Moderate Physical Activity group was the lowest in systolic blood pressure (122.2
mmHg) and mean arterial pressure (94.8 mmHg). Diastolic blood pressure was the lowest in
the Low Perceived Stress and High Physical Activity group (80.4 mmHg). High Perceived
Stress group and High Physical Activity group was the highest in HDL cholesterol (51.3
mg/dl). Figures 1 and 2 provide the metabolic syndrome score and the prevalence of the
metabolic syndrome in each physical activity and perceived stress group, respectively. The
metabolic syndrome score and the prevalence of the metabolic syndrome were progressively
lower across Low, Moderate, and High Physical Activity groups within each perceived stress
group.
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Table 1. Descriptive statistics of age, physical activity level, perceived stress score,
components of the metabolic syndrome, and the metabolic syndrome score in law
enforcement officers with and without the metabolic syndrome in the total cohort.
The Metabolic Syndrome
Absent Present Total
N 297 89 386
Age (yrs) 38.5 (8.9) 41.0 (8.0) * 39.1 (8.7)
23-60
PA Level 4.2 (2.1) 3.4 (2.0) * 4.0 (2.1)
0-7 
PS Score 18.6 (6.7) 19.1 (6.6) 18.7 (6.7)
3-38
BMI (kg/m2) 27.5 (3.3) 31.4 (3.6) * 28.4 (3.7)
18.8-42.4
SBP (mmHg) 123.4 (11.5) 128.8 (11.8) * 124.7 (11.7)
95-168
DBP (mmHg) 81.5 (8.2) 85.2 (8.3) * 82.3 (8.4)
58-113
MAP (mmHg) 95.5 (8.5) 99.7 (8.3) * 96.4 (8.6)
72.7-128.7
GLU (mg/dl) 90.1 (8.4) 98.3 (22.7) * 92.0 (13.5)
58-229
TG (mg/dl) 116.5 (66.4) 258.9 (148.7) * 149.3 (109.8)
35-903
HDL-C (mg/dl) 47.7 (11.02) 36.2 (6.2) * 45.0 (11.2)
22-94
MetS score -1.00 (2.29) 3.34 (2.49) * 0.00 (2.97)
-9.43-11.88
Vales are mean (SD) and range. *p<0.05. Physical activity level, PA Level; Perceived stress
score, PS Score; Body mass index, BMI; Systolic blood pressure, SBP; Diastolic blood
pressure, DBP; Mean arterial pressure, MAP; Fasting plasma glucose concentration, GLU;
Triglyceride, TG; High-density lipoprotein cholesterol, HDL-C; Metabolic syndrome score,
MetS score.
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Table 2. Distribution of the individual components of the metabolic syndrome in law
enforcement officers with and without the metabolic syndrome in the total cohort.
The Metabolic Syndrome
Individual components of MetS Absent (%) Present (%) Total (%)
HTN  130/85 mmHg 33.7 69.7 42.0
HDL-C < 40 mg/dl 24.2 84.3 38.1
TG 150 mg/dl 18.2 91.0 35.0
BMI  30 kg/m2 14.8 70.8 27.7
GLU 110 mg/dl 1.3 15.7 4.7
Numbers of MetS components
0 risk factor 36.7 - 28.2
1 risk factors 34.3 - 26.4
2 risk factors 29.0 - 22.3
3 risk factors - 71.9 16.6
4 risk factors - 24.7 5.7
5 risk factors - 3.4 0.8
The metabolic syndrome, MetS; High blood pressure, HTN; High-density lipoprotein
cholesterol, HDL-C; Triglyceride, TG; Body mass index, BMI; Fasting plasma glucose
concentration, GLU.
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Table 3. Correlations among the metabolic syndrome components and the metabolic
syndrome score.
BMI MAP GLU TG HDL-C 
BMI
MAP 0.214 *
GLU 0.147 * 0.147 *
TG 0.317 * 0.142 * 0.172 *
HDL-C -0.302 * -0.034 -0.066 -0.435 *
MetS score 0.641 * 0.496 * 0.462 * 0.683 * -0.644 *
*p<0.01. Body mass index, BMI; Mean arterial pressure, MAP; Fasting plasma glucose
concentration, GLU; Triglyceride, TG; High-density lipoprotein cholesterol, HDL-C;
Metabolic syndrome score, MetS score.
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Table 4. Correlations among physical activity level, perceived stress score, and the metabolic
syndrome score.
PA Level PS Score
PA Level
PS Score -0.172 *
MetS score -0.225 * 0.047
*p<0.01. Physical activity level, PA Level; Perceived stress score, PS Score; Metabolic
syndrome score, MetS score.
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Table 5. Descriptive statistics of age, physical activity level, perceived stress score,
components of the metabolic syndrome, and the metabolic syndrome score across Low
Perceived Stress, Moderate Perceived Stress, and High Perceived Stress groups among law
enforcement officers.
Perceived Stress Groups
Low Moderate High
N 127 (32.9%) 163 (42.2%) 96 (24.9%)
Age (yrs) 39.0 (8.7) 38.9 (9.0) 39.5 (8.4)
PA Level 4.5 (2.1) 3.8 (2.0) * 3.7 (2.1) *
PS Score 11.6 (2.8) 19.1 (1.9) * 27.4 (4.1) *†
BMI (kg/m2) 28.4 (3.9) 28.4 (3.8) 28.5 (3.4)
SBP (mmHg) 124.7 (11.2) 123.9 (11.9) 125.9 (12.2)
DBP (mmHg) 81.4 (7.6) 82.2 (8.8) 83.9 (8.5)
MAP (mmHg) 95.8 (7.9) 96.1 (8.9) 97.9 (8.9)
GLU (mg/dl) 92.6 (15.7) 92.1 (14.1) 91.0 (8.4)
TG (mg/dl) 142.2 (109.3) 148.5 (110.4) 160.1 (109.7)
HDL-C (mg/dl) 45.3 (12.0) 45.2 (11.0) 44.5 (10.5)
MetS score -0.12 (3.01) -0.05 (3.04) 0.25 (2.82)
Prevalence of MetS (%) 22.0 22.1 26.0
Values are mean (SD) unless otherwise indicated. *p<0.01, vs. Low Perceived Stress group;
†p<0.01, vs. Moderate Perceived Stress group. Physical activity level, PA Level; Perceived
stress score, PS Score; Body mass index, BMI; Systolic blood pressure, SBP; Diastolic blood
pressure, DBP; Mean arterial pressure, MAP; Fasting plasma glucose concentration, GLU;
Triglyceride, TG; High-density lipoprotein cholesterol, HDL-C; Metabolic syndrome score,
MetS score.
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Table 6. Descriptive statistics of age, physical activity level, perceived stress score,
components of the metabolic syndrome, and the metabolic syndrome score across Low
Perceived Stress, Moderate Perceived Stress, and High Perceived Stress groups among law
enforcement officers.
Physical Activity Groups
Low Moderate High
N 66 (17.1%) 175 (45.3%) 145 (37.6%)
Age (yrs) 42.7 (8.0) 39.0 (8.7) * 37.6 (8.7) *
PA Level 0.8 (0.4) 3.4 (1.1) * 6.1 (0.5) *†
PS Score 20.5 (6.3) 19.3 (6.6) 17.1 (6.6) *†
BMI (kg/m2) 29.7 (4.0) 28.7 (3.9) 27.5 (3.2) *†
SBP (mmHg) 126.1 (13.2) 124.2 (11.7) 124.6 (11.1)
DBP (mmHg) 83.7 (9.4) 82.6 (8.1) 81.4 (8.1)
MAP (mmHg) 97.8 (10.0) 96.5 (8.4) 95.8 (8.1)
GLU (mg/dl) 94.8 (12.1) 91.7 (13.6) 91.1 (14.0)
TG (mg/dl) 192.9 (155.6) 158.4 (110.6) 118.4 (67.7) *†
HDL-C (mg/dl) 42.5 (10.9) 43.2 (9.8) 48.3 (12.2) *†
MetS score 1.08 (3.20) 0.31 (2.96) -0.87 (2.64) *†
Prevalence of MetS (%) 33.3 26.9 13.8 *†
Values are mean (SD) unless otherwise indicated. *p<0.01, vs. Low Physical Activity group;
†p<0.01, vs. Moderate Physical Activity group. Physical activity level, PA Level; Perceived
stress score, PS Score; Body mass index, BMI; Systolic blood pressure, SBP; Diastolic blood
pressure, DBP; Mean arterial pressure, MAP; Fasting plasma glucose concentration, GLU;
Triglyceride, TG; High-density lipoprotein cholesterol, HDL-C; Metabolic syndrome score,
MetS score.
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Table 7. Descriptive statistics of physical activity level, perceived stress score, the metabolic
syndrome score, age, and components of the metabolic syndrome across perceived stress and
physical activity groups among law enforcement officers.
Perceived Stress Groups
Variables/PA groups Low Moderate High
N
Low 15 30 21
Moderate 47 82 46
High 65 51 29
PA Level
Low 0.8 (0.4) 0.8 (0.4) 0.7 (0.5)
Moderate 3.3 (1.0) 3.4 (1.1) 3.5 (1.1)
High 6.2 (0.6) 6.1 (0.4) 6.0 (0.6)
PS Score
Low 12.5 (3.0) 19.5 (2.0) 27.6 (3.5)
Moderate 11.6 (2.9) 19.2 (2.0) 27.6 (4.6)
High 11.3 (2.7) 18.8 (1.8) 27.1 (3.8)
MetS score
Low 2.43 (3.80) 0.60 (3.26) 0.79 (2.43)
Moderate -0.09 (2.93) 0.25 (3.06) 0.84 (2.80)
High -0.73 (2.57) -0.92 (2.71) -1.09 (2.73)
Prevalence of MetS (%)
Low 33.3 30.0 38.1
Moderate 25.5 25.6 30.4
High 16.9 11.8 10.3
Age (yrs)
Low 45.3 (6.9) 42.6 (8.5) 41.1 (7.8)
Moderate 38.9 (9.0) 39.0 (9.0) 39.0 (8.0)
High 37.7 (8.3) 36.6 (8.8) 39.9 (9.4)
BMI (kg/m2)
Low 30.4 (3.0) 29.4 (4.9) 29.6 (3.2)
Moderate 29.1 (4.8) 28.7 (3.6) 28.5 (3.4)
High 27.4 (3.0) 27.3 (3.4) 27.9 (3.3)
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SBP (mmHg) *
Low 133.2 (10.8) 125.0 (15.5) 122.5 (9.1)
Moderate 122.2 (10.0) 123.3 (11.5) 127.9 (12.9)
High 124.5 (11.2) 124.3 (10.2) 125.2 (12.8)
DBP (mmHg) *
Low 86.5 (8.3) 84.0 (10.5) 81.3 (8.4)
Moderate 81.1 (6.8) 81.8 (8.2) 85.6 (8.8)
High 80.4 (7.7) 81.7 (8.7) 83.2 (7.9)
MAP (mmHg) *
Low 102.1 (8.1) 97.7 (11.6) 95.1 (7.8)
Moderate 94.8 (7.0) 95.6 (8.2) 99.7 (9.4)
High 95.1 (7.8) 95.9 (8.1) 97.2 (8.6)
GLU (mg/dl)
Low 97.6 (17.2) 95.2 (11.4) 92.3 (8.2)
Moderate 91.6 (10.0) 92.0 (17.2) 91.5 (8.8)
High 92.3 (18.5) 90.6 (9.2) 89.4 (7.9)
TG (mg/dl)
Low 226.2 (214.5) 176.8 (145.1) 192.0 (121.4)
Moderate 146.9 (99.2) 158.3 (116.7) 170.4 (111.4)
High 119.4 (64.7) 116.0 (59.2) 120.6 (88.2)
HDL-C (mg/dl) *
Low 38.9 (10.5) 45.5 (11.5) 40.9 (9.4)
Moderate 45.3 (12.4) 42.9 (8.8) 41.8 (8.2)
High 46.7 (11.6) 48.7 (13.0) 51.3 (11.6)
*Cell mean differences described in the text. Physical activity level, PA Level; Perceived
stress score, PS Score; Body mass index, BMI; Systolic blood pressure, SBP; Diastolic blood
pressure, DBP; Mean arterial pressure, MAP; Fasting plasma glucose concentration, GLU;
Triglyceride, TG; High-density lipoprotein cholesterol, HDL-C; Metabolic syndrome score,
MetS score.
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Figure 1. The metabolic syndrome score in each physical activity and perceived stress group.
Physical activity, PA; Perceived stress score, PSS. 
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Figure 2. The prevalence of the metabolic syndrome in each physical activity and perceived
stress group. Physical activity, PA; Perceived stress score, PSS. 
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CHAPTER 5. DISCUSSION
Previous studies have demonstrated the relationship between either physical activity
and the metabolic syndrome (81, 85-88) or stress and the metabolic syndrome (25, 26). The
current study extends these findings by specifically focusing on LEOs and examining the
relationship among physical activity, perceived stress, and the metabolic syndrome in this
unique occupational group. The results show that 23.1% of LEOs are classified as having the
metabolic syndrome using NCEP ATP III definition, which is lower than the general U. S.
population (14). Recently, the metabolic syndrome was found to affect 34.5% of U.S. adults
based on a total of 3,601 men and women aged 20 years from NHANES 1999-2002 using
the NCEP definition (14). In white men aged 20 to 60, the prevalence of the metabolic
syndrome was 32.7%.
Other studies have examined the prevalence of the metabolic syndrome among LEOs.
The prevalence of the metabolic syndrome among 84 adult male LEOs in Texas with a mean
age of 36.2 years was 27.4% utilizing NCEP definition (38). This study, however, included
all racial groups. Violanti and colleagues (39) found that approximately 16% of LEOs in
New York were classified as having the metabolic syndrome using the NCEP criteria with
recent modifications from the American Heart Association and the National Heart, Lung and
Blood Institute (146). If the data from Humbarger et al. (38), Violanti et al. (39), and the
current study are summed, the metabolic syndrome affects approximately 22.4% of LEOs.
These results suggest that the prevalence of the metabolic syndrome in LEOs is below the
national average.
Physical activity level was inversely correlated with the metabolic syndrome score (r
= -0.225) and the High Physical Activity group had a significantly lower prevalence of the
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metabolic syndrome and the metabolic syndrome score than both the Low and Moderate
Physical Activity groups (p<0.01) among LEOs. This result is consistent with previous
studies that indicated physical inactivity was one of the major risk factors for the metabolic
syndrome (22, 27-33). Rennie et al. (86) demonstrated that moderate and vigorous physical
leisure-time activity among middle-aged adults is associated with reduced risk for the
metabolic syndrome. More specifically, regular physical activity reduces waist circumference,
visceral fat, subcutaneous fat, and body weight (48, 91, 93-95), enhances insulin sensitivity
(48, 105-107) and reduces glucose intolerance (108), and impacts blood lipid profile (92, 110,
111) and blood pressure (113). The current study also demonstrates that High Physical
Activity is associated with lower BMI and triglyceride, and higher HDL cholesterol, than the
Low and Moderate Physical Activity groups (p<0.01). More considerably, the findings from
the current study suggest the significant effect of the high level of physical activity. The odds
of the metabolic syndrome increases across Moderate (OR = 2.3, 95% CI: 1.29-4.09) and
Low Physical Activity groups (OR = 3.13, 95% CI: 1.56-6.26) compared with High Physical
Activity group among LEOs. These results suggest that highly active LEOs have reduced risk
for the metabolic syndrome compared with low and moderately active LEOs. Moderate
Physical Activity group tended to have a lower prevalence of the metabolic syndrome and the
metabolic syndrome score than the Low Physical Activity group, however the difference was
not statistically significant. Therefore, the observation from the current study suggests that
high physical activity can be significantly beneficial to the metabolic syndrome among LEOs.
The role of psychosocial stress in the metabolic syndrome recently has come under
scrutiny. Research has suggested that stress (e.g., from work sites or environment) plays a
role in the pathogenesis of the metabolic syndrome (25, 26, 28). A prospective cohort study
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among 10,308 working men and women aged 35 to 55 in the Whitehall II study with an
average 14 years follow-up showed that men with three or more exposures of chronic work
stress (experiencing iso-strain (work stress) >75% of the time over 14 years) were more than
twice as likely to develop the metabolic syndrome as those with no exposure to work stress
(odds ratio adjusted for age and employment grade = 2.25) (25). Several studies have shown
the negative association between elevated stress and health outcomes among LEOs (31, 140).
In the current study, however, the association between perceived stress and the metabolic
syndrome score was weak and not significant (r = 0.047). The High Perceived Stress group
had the highest metabolic syndrome score (Z = 0.25) and the prevalence of the metabolic
syndrome (26.0%) compared to the Moderate (Z = -0.05, 22.1%, respectively) and Low
Perceived Stress groups (Z = -0.12, 22.0%, respectively), but the differences were not
statistically significant. Violanti et al. (39) examined the relationship between PTSD
symptoms and the metabolic syndrome among 101 LEOs (61 men and 40 women) from the
Buffalo, New York Police Department. They concluded that LEOs with severe PTSD
symptoms had approximately three times more chance to have the metabolic syndrome than
LEOs with the lowest PTSD severity (prevalence ratio (PR) = 3.31, 95% CI: 1.19-9.22).
However, after adjustment for age and education, PR was reduced to 2.71 (95% CI: 0.99-
7.37). More importantly, these differences were no longer statistically significant. Taken
together, the findings from these two studies do not provide strong evidence that chronic
work stress and/or perceived stress are an important and significant predictor of the negative
metabolic health consequences in LEOs.
The main objective of this study was to determine if physical activity modifies the
relationship between perceived stress and the metabolic syndrome in LEOs. High level of
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physical activity had a positive association with the prevalence of the metabolic syndrome in
each stress level. Furthermore, there is an association between the amount of physical
activity and the prevalence of the metabolic syndrome with higher physical activity levels
associated with a decrease in the prevalence of the metabolic syndrome at each stress level.
These findings suggest that higher levels of physical activity are associated with a reduced
prevalence of the metabolic syndrome for a given level of perceived stress. Furthermore, the
results indicate that physical activity should be promoted in not only high stressed
individuals but also low stressed individuals.
Limitations of this study warrant discussion. First, only white males were included in
this study. The prevalence of the metabolic syndrome varies by racial and ethnic groups and
gender (14). Second, this study did not adjust for age, smoking habit, socioeconomic status,
diet, and work experience. The subjects in this study were middle aged white males between
23 to 60 years old and the mean age difference between groups was not significant. Only 6%
of subjects are currently smoking and LEOs came from similar work environment, so these
variables should not affect the results. However, diet may indirectly influence to metabolic
risk factors. It is also important to consider work experience as a confounding factor. Third,
because this study defined hypertension based in part on the repeated measurement of blood
pressure at a single visit, the measurement error may exist regarding the presence or absence
of the outcome of this study. Fourth, this study used BMI 30 to classify LEOs with obesity,
because waist circumference was not measured. This might have underestimated the effect of
obesity on the metabolic syndrome. Fifth, physical activity level was assessed by self-report.
Errors in this self-report would confound the analyses between physical activity and the
metabolic syndrome. Sixth, this study used PSS as a work-related stress measurement. Stress
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is difficult variable to define and measure, thus PSS might not the best scale to measure the
direct work-related stress in this unique occupational group.
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CHAPTER 6. CONCLUSIONS
In summary, the results suggest that physical activity is an important etiological
factor in the metabolic syndrome and high physical activity is associated with a lower
prevalence of the metabolic syndrome for a given level of perceived stress among LEOs.
High physical activity can be beneficial to the metabolic syndrome risk factors. These
associations are not explained by perceived stress. The major implication of this study is that
efforts to prevent the metabolic syndrome should focus on increasing physical activity level.
Additional research is needed to replicate these findings more diverse LEO populations such
as women and officers of different ethnic and racial status.
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APPENDIX A. INFORMED CONSENT
INFORMED CONSENT DOCUMENT
Title of Study: Is there a relationship between work-related stress and inflammatory
mediators in law enforcement?
Investigators: Warren Franke
This is a research study. Please take your time in deciding if you would like to participate.
Please feel free to ask questions at any time.
INTRODUCTION
The purpose of this study is to determine the extent to which stress, especially work related
stress, can increase a law enforcement officer’s risk for heart disease. You are being invited
to participate in this study because you are a law enforcement officer in the Iowa Department
of Public Safety.
DESCRIPTION OF PROCEDURES
If you agree to participate in this study, your participation will consist of this appointment
and last for about half an hour. During the study you may expect the following study
procedures to be followed:
1. You will complete a questionnaire about your current stress level and some
work-related sources of this stress. You may skip any question that you do not wish to
answer or that makes you feel uncomfortable.
2. Dr. Franke will draw 2 small vials (~15 ml or the amount acquired during
your annual IDPS medical examination) of blood from you.
RISKS
While participating in this study you may experience the following risks:
1. Some of the questions on the survey may make you a little uncomfortable.
2. The needle stick needed to acquire the blood may be slightly uncomfortable.
BENEFITS
If you decide to participate in this study there may some direct benefit to you. You will find
out whether you have a normal cytokine profile (blood components which can increase your
risk for heart disease) and you will have identified aspects of your job which are the most
stressful. It is hoped that the information gained in this study will benefit society, since stress
is not uniquely associated with law enforcement, heart disease remains the number 1 killer in
the United States, and this study may identify a mechanism whereby stress increases the
development of heart disease.
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COSTS AND COMPENSATION
You will not have any costs from participating in this study. You will not be compensated
for participating in this study.
PARTICIPANT RIGHTS
Your participation in this study is completely voluntary and you may refuse to participate or
leave the study at any time. If you decide to not participate in the study or leave the study
early, it will not result in any penalty or loss of benefits to which you are otherwise entitled.
You are free to quit participating in the study if you find either the survey or the blood draw
to uncomfortable.
RESEARCH INJURY
Emergency treatment of any injuries that may occur as a direct result of participation in this
research is available at the Iowa State University Thomas B. Thielen Student Health Center,
and/or referred to Mary Greeley Medical Center or another physician or medical facility at
the location of the research activity. Compensation for any injuries will be paid if it is
determined under the Iowa Tort Claims Act, Chapter 669 Iowa Code. Claims for
compensation should be submitted on approved forms to the State Appeals Board and are
available from the Iowa State University Office of Risk Management and Insurance.
CONFIDENTIALITY
Records identifying participants will be kept confidential to the extent permitted by
applicable laws and regulations and will not be made publicly available. However, federal
government regulatory agencies and the Institutional Review Board (a committee that
reviews and approves human subject research studies) may inspect and/or copy your records
for quality assurance and data analysis. These records may contain private information.
To ensure confidentiality to the extent permitted by law, the following measures will be
taken. You will be assigned a unique code and letter and these will be used on all forms and
blood tubes. These identifiers will be kept in Dr. Franke’s office in a password protected
computer file. Your data will be permanently kept in this file on Dr. Franke’s computer. The
Iowa Department of Public Safety will not be given any of this information. If the results are
published or if the Department would like the results, your identity will remain confidential.
QUESTIONS OR PROBLEMS
You are encouraged to ask questions at any time during this study. For further information
about the study contact Dr. Warren Franke at 515-294-8257. If you have any questions about
the rights of research subjects or research-related injury, please contact the Human Subjects
Research Office, 2810 Beardshear Hall, (515) 294-4566; austingr@iastate.edu or the
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Research Compliance Officer, Office of Research Compliance, 2810 Beardshear Hall, (515)
294-3115; dament@iastate.edu
***************************************************************************
***
SUBJECT SIGNATURE
Your signature indicates that you voluntarily agree to participate in this study, that the study
has been explained to you, that you have been given the time to read the document and that
your questions have been satisfactorily answered. You will receive a copy of the signed and
dated written informed consent prior to your participation in the study.
Subject’s Name (printed)
(Subject’s Signature) (Date)
INVESTIGATOR STATEMENT
I certify that the participant has been given adequate time to read and learn about the study
and all of their questions have been answered. It is my opinion that the participant
understands the purpose, risks, benefits and the procedures that will be followed in this study
and has voluntarily agreed to participate.
(Signature of Person Obtaining (Date)
Informed Consent)
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APPENDIX B. STRESS QUESTIONAIRE
IS THERE A RELATIONSHIP BETWEEN WORK-RELATED STRESS
AND INFLAMMATORY MEDIATORS IN LAW ENFORCEMENT?
We are trying to understand the effect of work-related stress on law enforcement officers. You
could help this research by answering the following questions.
For each question, please mark the answer that is most true for
you. There are no "right" or "wrong" answers.
1 In the last month, how often have you been upset because
of something that happened unexpectedly? 1 2 3 4 
2
In the last month, how often have you felt that you were
unable to control the important things in your life? 1 2 3 4 
3
In the last month, how often have you felt nervous and
“stressed’? 1 2 3 4 
4
In the last month, how often have you dealt successfully
with irritating life hassles? 1 2 3 4 
5
In the last month, how often have you felt that you were
effectively coping with important changes that were
occurring in your life?
1 2 3 4 
6
In the last month, how often have you felt confident about
your ability to handle your personal problems? 1 2 3 4 
7
In the last month, how often have you felt that things were
going your way? 1 2 3 4 
8
In the last month, how often have you found you could not
cope with all the things that you had to do? 1 2 3 4 
9
In the last month, how often have you been able to control
irritations in your life? 1 2 3 4 
10
In the last month, how often have you felt that you were
on top of things? 1 2 3 4 
11
In the last month, how often have you been angered
because of things that happened that were outside of your
control?
1 2 3 4 
12
In the last month, how often have you found yourself
thinking about the things that you have to accomplish? 1 2 3 4 
13
In the last month, how often have you been able to control
the way you spend your time? 1 2 3 4 
14
In the last month, how often have you felt difficulties were
piling up so high that you could not overcome them? 1 2 3 4 
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For these questions, mark the answer that most applies to
you. The answers range from “often” to “sometimes” to
“seldom” to “never.”
1 Do you have a choice in deciding how to do your job? 1 2 3 4
2 Do you have a choice in deciding what to do at work? 1 2 3 4
3 Others make decisions concerning my work 1 2 3 4
4 I have a good deal of say in decisions about work 1 2 3 4
5 I have a say in my own work speed 1 2 3 4
6 My working time is or could be flexible 1 2 3 4
7 I decide when to take a break 1 2 3 4
8 I have a say in choosing with whom I worked 1 2 3 4
9 I have a great deal of say in planning my work environment 1 2 3 4
10 Do you have to do the same thing over and over again? 1 2 3 4
11 Does your job provide you with a variety of interesting things? 1 2 3 4
12 Is your job boring? 1 2 3 4
13 Do you have the possibility of learning new things through your work? 1 2 3 4
14 Does your job demand a high level of skill and expertise? 1 2 3 4
15 Does your job require you to take initiatives? 1 2 3 4
16 Do you have to work very fast? 1 2 3 4
17 Do you have to work very intensively? 1 2 3 4
18 Do you have enough time to do everything? 1 2 3 4
19 Do different individuals or groups at work demand things from you thatyou think are hard to combine?
1 2 3 4
20 How often do you get help and support from your colleagues? 1 2 3 4
21 How often are your colleagues willing to listen to your work-relatedproblems?
1 2 3 4
22 How often do you get help and support from your immediate superiors? 1 2 3 4
23 How often are your immediate superiors willing to listen to your problems? 1 2 3 4
24 Do you get sufficient information from your superiors? 1 2 3 4
25 Do you get consistent information from your superiors? 1 2 3 4
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For these questions, mark the answer that most applies to
you. The answers range from “often” to “sometimes” to
“seldom” to “never.”
1 Do you have enough time to meet the demands of your
job? 1 2 3 4
2 Do you have responsibility for the health and safety of
other persons in your job? 1 2 3 4
3 Do you have responsibility for material values or damage
in your job? 1 2 3 4
4 Do you have to make difficult and independent decisions
in your job? 1 2 3 4
5 Do you have to work overtime? 1 2 3 4
6 Do you feel the need to prove yourself to others? 1 2 3 4
7 Do you feel that the atmosphere at work was competitive
or even hostile? 1 2 3 4
8 Do you feel impatient and disproportionately irritable at
work? 1 2 3 4
9 Do you feel that you could not avoid your obligations at
work if you wanted to? 1 2 3 4
10 Are you involved in conflicts with colleagues at work? 1 2 3 4
11 Do you get along well with your colleagues at work? 1 2 3 4
12 Do you get along with your superiors at work? 1 2 3 4
13 Is it possible for you to receive help and support in
difficult situations at work? 1 2 3 4
14 Are you concerned about unemployment? 1 2 3 4
15 Are you personally concerned about being laid off? 1 2 3 4
16 Are you concerned about involuntary relocation,
reorganization, or new technologies at work? 1 2 3 4
17 Are you satisfied with your income? 1 2 3 4
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FOR THESE QUESTIONS, MARK THE ANSWER THAT MOST
APPLIES TO YOU. THE ANSWERS RANGE FROM
“YES” TO “DON’T KNOW” TO “NO.”
1 Do you often feel tired? 1 2 3
2 Do you often have trouble falling asleep? 1 2 3
3 Do you repeatedly wake up during the night? 1 2 3
4 Do you feel weak all over? 1 2 3
5 Do you feel more listless than before you joined law enforcement? 1 2 3
6 Do little things irritate you more than before you joined law
enforcement?
1 2 3
7 Do you sometimes feel that your body is like a battery that was losing
its power?
1 2 3
8 Do you feel dejected? 1 2 3
9 Do you ever wake up with feelings of exhaustion and fatigue? 1 2 3
10 Do you frequently experience a sense of exhaustion at work (except
after?
1 2 3
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Instructions: In answering the following questions, think about your current relationships with
friends, family members, co-workers, community members, and so on.
Please indicate to what extent each statement describes your current
relationships with other people. Use the following scale to indicate your
opinion. For example, if you feel a statement is very true of your current
relationships, you would respond with a 4 (strongly agree). If you feel a
statement clearly does not describe your relationships, you would respond
with a 1 (strongly disagree).
1 There are people I can depend on to help me if I really need it. 1 2 3 4
2 I feel that I do not have close personal relationships with other people. 1 2 3 4
3 There is no one I can turn to for guidance in times of stress. 1 2 3 4
4 There are people who depend on me for help 1 2 3 4
5 There are people who enjoy the same social activities I do. 1 2 3 4
6 Other people do not view me as competent. 1 2 3 4
7 I feel personally responsible for the well-being of another person. 1 2 3 4
8 I feel part of a group of people who share my attitudes and beliefs. 1 2 3 4
9 I do not think other people respect my skills and abilities 1 2 3 4
10 If something went wrong, no one would come to my assistance. 1 2 3 4
11 I have close relationships that provide me with a sense of emotionalsecurity and well-being. 1 2 3 4
12 There is someone I could talk to about important decisions in my life. 1 2 3 4
13 I have relationships where my competence and skill are recognized. 1 2 3 4
14 There is no one who shares my interests and concerns. 1 2 3 4
15 There is no one who really relies on me for their well-being. 1 2 3 4
16 There is a trustworthy person I could turn to for advice if I were havingproblems. 1 2 3 4
17 I feel a strong emotional bond with at least one other person. 1 2 3 4
18 There is no one I can depend on for aid if I really need it. 1 2 3 4
19 There is no one I feel comfortable talking about problems with. 1 2 3 4
20 There are people who admire my talents and abilities. 1 2 3 4
21 I lack a feeling of intimacy with another person. 1 2 3 4
22 There is no one who likes to do the things I do 1 2 3 4
23 There are people who I can count on in an emergency. 1 2 3 4
24
No one needs me to care for them. 1 2 3 4
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1. Do you have shiftwork as part of your regular work? For example, you regularly work
2 weeks of days and 2 weeks of evenings.
A. Yes B. No C. I have shiftwork but it is not a regular part of my job.
2. Do you frequently work irregular, or “unscheduled,” hours? For example, you get
called to work in the middle of the night or you have to stay at work past the end of
your shift.
A. Yes B. No
3. If yes, how many times per month do you have to work irregular hours?
__________ times per month.
4. During the past month, did you participate in any physical activities or exercises such
as running, calisthenics, golf, gardening, or walking for exercise?
A. Yes B. No C. Don’t Know/Not Sure
5. What type of physical activity or exercise did you spend the most time doing during the
past month?
A. Walking B. Jogging C. Weight Lifting D. Other ___________________
6. How many times per week or per month did you take part in this activity during the
past month?
A. Times per week _____ B. Times per month _____ C. Don’t know/Not sure
7. And when you took part in this activity, for how many minutes or hours did you usually
keep at it?
A. Hours per session _____ B. Minutes per session _____ C. Don’t know/Not sure
8. Have you taken aspirin or aspirin products (advil, ibuprofen) in the past week? ____
A. Yes B. No C. Don’t Know/Not Sure
9. What is your age (as of Nov 1, 2003)? ___________ years
10. WHAT IS YOUR RACE?
A. White B. Black or African American C. Hispanic or Latino D. Asian
D. Native Hawaiian or Other Pacific Islander E. American Indian, Alaska Native
F. Other (specify) _________________________________________
11. About how much do you weigh without shoes?
______________pounds Don’t Know/Not Sure
12. About how tall are you without shoes?
______/________ft/inches Don’t Know/Not Sure
13. How many years have you been employed as a law enforcement officer? ________years
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14. In what division are you employed? (check one)
A. Criminal Investigation ____
Primarily Gaming ____
Other than Gaming ____
B. Fire Marshall’s Office ____
C. Narcotics Enforcement ____
D. Highway Patrol ____
E. Other (please describe) ____
__________________________________________
15. What is your current position or rank? (check one)
A. Trooper ____
B. Sergeant ____
C. Lieutenant ____
D. Higher than Lt ____
E. Agent _____
F. Special Agent _____
G. Other (please describe) _____________________________________________
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APPENDIX C. PHYSICAL ACTIVITY QUESTIONNAIRE
EXERCISE AND FITNESS
EF1 Read the descriptions below, and check the one (0 to 7) which best describes
Your general physical activity during the past month (Mark only one.)
General Description Mark One Specific Level Descriptions
 Level 0: I avoid walking or exertion. I always use elevators, anddrive whenever possible.
I do not participate regularly in
programmed recreation, sport or heavy
physical labor.
 Level 1: I walk for pleasure, routinely use stairs, occasionallyexercise sufficiently to cause heavy breathing or
perspiration.
 Level 2: I perform 10 to 60 minutes per week of these activities.I participate regularly in recreation orwork requiring modest physical activity
such as golf, horseback riding,
calisthenics, table tennis, bowling,
weight lifting or yard work.
 Level 3: I perform over 1 hour per week of these activities.
 Level 4: I run less than 1 mile per week or spend less than 30minutes per week in comparable physical activity.
 Level 5: I run 1 to 5 miles per week or spend 30 to 60 minutesper week in comparable physical activity.
 Level 6: I run 5 to 10 miles per week, or spend 1 to 3 hours perweek in comparable activity.
I participate regularly in heavy physical
exercise such as jogging or running,
swimming, cycling, rowing, skipping
rope, running in place, or engaging in
vigorous aerobic exercise such as
tennis, basket-ball or handball.
 Level 7: I run over 10 miles per week or spend over 3 hours incomparable activity.
EF2 Do you have any physical problems or limitations which may affect your ability
to exercise?  Yes  No
EF3 Please mark how often you do each of the following:
Activity Never Sometimes Usually
_____________________________________________________________________
Warm-up   
Cool-down   
Stretch   
Exercise with the proper, activity-specific footwear   
Perform strength training exercises on a regular basis   
(at least twice per week)
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